Objective: To prospectively examine the association between commonly consumed dairy products and the risk of Parkinson disease (PD) in women and men.
Evidence from previous prospective studies suggests that intake of dairy products may be associated with an increased risk of Parkinson disease (PD). [1] [2] [3] [4] [5] Dairy products are widely consumed and thus could constitute an important modifiable risk factor for this disease. However, it remains unclear whether certain dairy foods or nutrients contained in dairy products are driving this association and whether associations are present among women and men or only among men. Previous results from the Nurses' Health Study (NHS) and Health Professionals Followup Study (HPFS) 1 suggested an association between dairy intake and increased PD risk among men. Here, we present data from the NHS and HPFS cohorts from up to an additional 12 years of follow-up with a total of 1,036 incident cases of PD to further investigate potential associations between dairy foods and nutrients derived from dairy products and the risk of PD.
METHODS Study population. The NHS cohort began in 1976 when 121,700 female registered nurses 30 to 55 years of age responded to a mailed questionnaire, answering questions about their medical histories and health-related behaviors. Similarly, the HPFS was established when 51,529 male health professionals 40 to 75 years of age responded to a similar questionnaire. Members of both cohorts have been sent follow-up questionnaires every 2 years to update information on health-related exposures and newly diagnosed diseases. For the present analysis, the baseline population was composed of the 81,757 nurses and 49,934 health professionals who completed baseline food frequency questionnaires on usual dietary intake. We excluded individuals who reported implausible total energy intake at baseline (,660 or .3,500 kcal/d for women and ,800 or .4,200 kcal/d for men), had a previous diagnosis of PD, or had missing baseline dietary information. A total of 48,610 men and 80,736 women were thus included in the analysis.
Standard protocol approvals, registrations, and patient consents. Dietary assessment and other covariates. Usual diet was assessed through food frequency questionnaires. Participants were asked how often over the past year they consumed a commonly used portion of each food. Nine possible responses were provided, ranging from never to $6 times per day. Nutrient intakes were calculated by multiplying the frequency response by the nutrient content of the specified portion size based on data from the US Department of Agriculture and manufacturers. Participants were also asked about supplemental vitamin use. Diet was assessed in the NHS in 1984 (baseline), in 1986, and every 4 years thereafter and in HPFS in 1986 (baseline) and every 4 years thereafter. Intakes of foods and nutrients assessed in this way have been validated previously against diet records among subsets of participants in both the NHS and HPFS cohorts. [6] [7] [8] [9] Correlations between intakes of dairy foods measured by the food frequency questionnaire and by diet records were 0.52 to 0.88 in HPFS 9 and 0.57 to 0.94 in NHS. 8 Data on other covariates of interest, including smoking, body mass index, physical activity, and coffee and alcohol intake, were also collected via self-report questionnaires for both cohorts.
Ascertainment of PD cases. Cases of PD were identified with biennial self-report questionnaires. Before 2003, when individuals indicated a diagnosis of PD, we contacted their treating neurologists or internists who were asked either to confirm the diagnosis or to send copies of the patients' medical records. Cases were confirmed if the physician considered the PD diagnosis definite or probable, the medical record included a final diagnosis of PD by a neurologist, or the medical record indicated the presence of at least 2 of the 3 cardinal signs of PD (resting tremor, rigidity, bradykinesia) in the absence of evidence for other diagnosis. Since 2003, the above procedure was used except that medical records were requested for all self-reported cases and were reviewed by a neurologist specializing in movement disorders. In the event that the determination of the movement disorders specialist differed from that of the neurologist, the decision of the movement disorder specialist was used. Our analyses included only confirmed cases.
Statistical analysis. Participants contributed person-time from the age in months at the date of returning the baseline food Table 1 Age-adjusted characteristics of the study population at baseline by category of dairy intake Continued frequency questionnaire until the age in months at the date of PD diagnosis, death, last completed questionnaire, or end of followup (June 2010 for NHS and January 2010 for HPFS), whichever occurred first. Analyses were stratified by age in months at the start of follow-up and calendar year of current questionnaire cycle. PD incidence was related to cumulative updated average intake from all available questionnaires up to the start of each 2-year follow-up period, categorized by cohort-specific quintile of intake 10 for nutrient analyses and into 4-level variables for individual dairy foods. We adjusted for the number of missing food frequency questionnaires using indicator variables. In each analysis, the lowest intake category was used as the reference group. Age-adjusted and multivariate-adjusted hazard ratios (HRs) were estimated for each exposure with Cox proportional hazards models. Separate models were fit for each exposure of interest: total dairy; dairy protein; calcium from all sources, from foods, and from dairy sources; vitamin D from all sources, from foods, and from dairy sources; lactose; and individual dairy products, including skim or low-fat milk, whole milk, cream, cream cheese, cottage cheese, other cheese, ice cream, yogurt, sherbet or frozen yogurt, butter, and margarine. Nutrients were adjusted for total energy with the residual method so that they would be uncorrelated with total energy intake. 11 We also investigated high-fat dairy, including whole-fat milk, cream, ice cream, sour cream, butter, cream cheese, and other cheese, and low-fat dairy, including skim and low-fat milk, sherbet/frozen yogurt, yogurt, cottage cheese, and low-fat cheese. Primary multivariable models were adjusted for pack-years of smoking (never smoker, 1-,5, 5-,10, 10-,15, $15), coffee intake (none, ,1, 1-3, 4-5, or $6 cups/d), body mass index (,21, 21-,25, 25-,30, 30-, 35, or $35 kg/m 2 ), physical activity (in quintiles), alcohol intake (none, 0.1-4.9, 5.0-9.9, 10.0-14.9, or $15 g/d for women and none, 0.1-9.9, 10.0-19.9, 20.0-29.9, or $30 g/d for men), and total energy intake (in quintiles). For tests of trend, the median value was assigned to each category and modeled as a continuous variable. The robustness of the results was tested by further adjustment for dietary patterns 12 and flavonoids intake. 13 We conducted a lagged analysis excluding the first 4 years of followup in each cohort to address the possibility that participants could be experiencing PD symptoms at the time of questionnaire completion that would change their diet habits.
We also conducted a meta-analysis to combine our study with previously published prospective studies on milk and dairy intake and PD risk. We identified relevant studies through a PubMed search using key words (dairy or milk) and (Parkinson or Parkinson's disease) for all published studies in English by January 27, 2016. We identified 5 prospective studies of milk intake and PD risk 1-5 and 3 prospective studies of total dairy intake and PD risk 1, 3, 5 (table e-1 at Neurology.org). However, because the previous HPFS/NHS study 1 overlaps the first 12 years of follow-up of the current study, it was not included in the meta-analysis. We also excluded 1 study 5 that reported effect estimates for a 1-SD increase in intake rather than comparing extreme intake categories. We used the I 2 statistic to assess heterogeneity across studies and used random-effects models to calculate the pooled relative risk. All statistical analyses were conducted with SAS (SAS Institute, Cary, NC) except the meta-analysis, which was conducted with Stata (version 11.2, StataCorp, College Station, TX).
RESULTS
We identified 554 incident PD cases in men and 482 in women over the follow-up period. Selected baseline characteristics of cohort participants according to their dairy intake are shown in table 1. In the main analysis, the association between total dairy and PD risk was not significant (pooled multivariable-adjusted HR comparing those who eat at least 3 servings of dairy foods per day to those who eat ,1 serving per day 1.16, 95% confidence interval [CI] 0.92-1.48, p trend 5 0.19) (table 2). However, when looking specifically at low-fat dairy foods, we found an elevated risk of PD for individuals with high intake (pooled HR comparing extreme intake categories 1.34, 95% CI 1.01-1.79, p trend 5 0.04). For high-fat dairy foods, the associations tended to be in the opposite direction. Although the HR comparing the highest category of intake to the lowest was not significant (HR 0.82, 95% CI 0.61-1.10), we found a significant linear trend for decreased risk associated with greater intake of highfat dairy (p trend 5 0.03). Results were similar when we categorized dairy intake by quintiles rather than in categories (figure 1). The elevated risk associated with low-fat dairy foods appeared to be driven by an association between PD and skim or low-fat milk (table e-2). After a 4-year lag analysis was conducted in which a total of 69 incident cases were excluded, the association between skim or low-fat milk and PD risk was similar (the HR comparing those who drink .1 serving per day to those who drink 1-3 servings per month or less increased from 1.39 [95% CI 1.12-1.73] in the main analysis to 1.41 [95% CI 1.13-1.75] in the lagged analysis, table e-3). Results were similar in men and women. In addition to skim and low-fat milk, intake of sherbet/frozen yogurt was associated with an increased risk of PD. In contrast, whole milk did not appear to be associated with PD We conducted further analyses of specific nutrients found in dairy products, including protein, calcium, vitamin D, and lactose. Neither total intakes nor intakes from dairy only were significantly associated with PD risk (table e-4). Results of lagged analyses (tables e-3 and e-5) were overall similar to those of the main analyses. We conducted further sensitivity analyses by restricting our case definition to definite PD, by analyzing only nonsmokers, and by censoring participants at age 85 because of the increasing difficulty of diagnosing PD at older ages. Again, results were similar to those of the main analyses. We also evaluated potential effect modification for the effect of low-fat dairy by running our analyses stratified by age (.65 vs ,65 years old), smoking (ever vs never smokers), and coffee (drinkers vs nondrinkers). No significant interactions were observed (p interaction . 0.05 for all).
Finally, we pooled our results for milk intake with 3 previously published studies 2-4 with a total of 1,725 PD cases and our total dairy results with 1 previously published study. 3 The pooled relative risk for total milk intake was 1.56 (95% CI 1.30-1.88) (figure 2), and the pooled relative risk for total dairy intake was 1.27 (95% CI 1.04-1.55) (figure e-1). DISCUSSION In this large prospective study, we found evidence for a modest association between PD risk and certain dairy products. Low-fat dairy products were associated with an increased risk of PD, and skim or low-fat milk and frozen yogurt appeared to contribute to this association.
The strengths of our study include the prospective design, which reduces the potential for reverse causation and recall bias that can affect retrospective studies of diet and disease. Both cohorts also had high follow-up rates and used validated dietary questionnaires, and exposure assessments were conducted repeatedly over the follow-up period. Our study is also the largest analysis of dairy and PD to date, with .1,000 incident PD cases.
Our study also has some weaknesses. Although previous validation studies suggest that our food frequency questionnaire captures intake levels in these cohorts reasonably well, some degree of misclassification of diet is inevitable. However, exposure misclassification is unlikely to explain the observed associations because we would expect this bias to attenuate associations toward the null owing to the prospective nature of our study. It is also possible that early symptoms of PD affected dietary behaviors or questionnaire responses; however, the results of our lag analysis suggest that any reverse causation was modest.
Our results largely agree with previous epidemiologic investigations of the association between dairy Figure 1 Dairy intake and risk of PD Associations of high-fat (A), low-fat (B), and total dairy (C) with risk of PD according to intake quintile with the use of cumulative average intake levels and adjusted for packyears of smoking, physical activity, coffee intake, body mass index, alcohol intake, and total energy intake. PD 5 Parkinson disease.
products and PD. This association in HPFS and NHS was first reported in 2002. 1 At that time, nearly 400 cases had been identified over 12 to 18 years of follow-up, and an association between PD risk and increased dairy intake was reported among men but not among women. An increased risk of PD associated with milk consumption was also observed in other cohorts, including the Cancer Prevention Study, 3 the Honolulu Heart Program cohort, 2 and the Finnish Mobile Clinic Survey, 4 although the last one reported an association only among women. Of note, only 45 male cases were included in the analysis, so low power could have affected the results. However, in the current cohort analysis and meta-analysis, we did not observe significant sex differences in the relationship between milk intake and PD risk. In addition, most of the milk consumed in the Finnish cohort was whole milk, whereas in our study population, skim and low-fat milk were more widely used, accounting for z90% of total milk intake.
One mechanism that has been proposed to explain the apparent association between certain dairy products and increased risk of PD is the antiuricemic effect of dairy proteins. A substantial body of evidence suggests that urate may be protective against PD. [14] [15] [16] Milk proteins (casein and lactalbumin) and intact milk have been shown to reduce serum urate levels in healthy individuals, 17, 18 and consumption of lowfat, but not high-fat, dairy has been associated with a reduced risk of gout among participants in the HPFS. 19 The lack of association with full-fat dairy products could be due to counteracting effect of saturated fats. 20 Total milk or yogurt consumption was associated with lower serum urate levels in National Health and Nutrition Examination Survey (NHANES), but data for full-fat or low-fat dairy were not reported. 21 According to the results from NHANES, 21 consumption of .2 servings of dairy per day was associated with 0.19 mg/dL lower serum urate (95% CI 20.30 to 20.09), while .1 serving of milk per day was associated with 0.25 mg/dL lower serum urate (95% CI 20.40 to 20.09). While this might contribute to the observed association between milk and PD risk, this change in urate level may be too modest to completely explain our results. Another possible mechanism is possible contaminants found in dairy products such as pesticides. Recently, milk intake was found to be associated with lower neuronal density in the substantia nigra among nonsmokers in the Honolulu-Asia Aging Study. 22 The same study also found an association between detectable heptachlor epoxide (which contaminated milk in Hawaii in the early 1980s) in the brain and milk intake among nonsmokers. However, in our study, we found similar associations between milk and PD among both smokers and nonsmokers, and the consistent finding of an increasing risk of PD with increasing milk intake across multiple studies seems more consistent with a general mechanism than specific contaminants.
Our results provide further evidence of an increased risk of PD associated with consumption of certain dairy products in men and women, in particular with skim and low-fat milk. Further research is needed to elucidate the mechanisms involved in this association. 
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